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Description

[0001] This application claims the benefit of Japanese
Patent Application No. 2006-142960 filed on May 23,
2006 which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0002] The presentinvention relates to a switch device
capable of inputting instructions that are associated with
various operations of on-vehicle equipment, and a steer-
ing switch device using the same.

2. Description of the Related Art

[0003] A steering switch device according to the relat-
ed art is disclosed in JP-A-2005-138787. In the steering
switch device according to the related art, a plurality of
switches are disposed along the periphery of a pad por-
tion, such that a driver can perform a pressing operation
while grasping a steering wheel with hands so as to con-
trol various electronic apparatuses mounted in a vehicle.
[0004] In recent years, steering switch devices, on
which a plurality of switches are mounted, have been
required. As a result, the sizes and costs of the steering
switch devices are increased.

SUMMARY OF THE INVENTION

[0005] The invention has been finalized in view of the
drawbacks inherent in the conventional switch device
and steering device, and it is an object of the invention
to provide a switch device capable of preventing the size
and cost of the switch device from increasing even though
a plurality of switches are mounted, and a steering switch
device using the same.

[0006] In order to achieve the above-described ob-
jects, according to an aspect of the invention, a switch
device includes an operation plate that has a plurality of
operation surfaces which an operator contacts fingers
with so as to perform a switching operation, a wiring body
that has a plurality of capacitive touch switches, the plu-
rality of capacitive touch switches provided to correspond
to the plurality of operation surfaces on a back surface
ofthe operation plate, sensing thatthe operation surfaces
come into contact with the fingers of the operator, and
outputting contact signals, a rocking supporting mecha-
nism that rotatably supports the operation plate or a hold-
er holding the operation plate at one end side of the op-
eration plate, such that the other end of the operation
plate rocks when the operation surfaces are pressed,
and a pushbutton switch that comes into contact with and
operates in response to the operation plate rocking when
the operation surfaces are pressed or the holder, and
outputs pressing signals fixing input of the capacitive
touch switches corresponding to the operation surfaces
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that come into contact with the fingers of the operator.
[0007] According to this structure, one wiring body in-
cluding the plurality of capacitive touch switches and one
pressing switch can constitute the switch device. There-
fore, it is possible to achieve a switch device having a
small size and low cost, even when the number of switch-
es is increased. Further, since a switch structure is sim-
ple, an arrangement space can be easily ensured, and
a degree of freedom in design can be increased.
[0008] Preferably, grooves or protrusions, which par-
tition the plurality of operation surfaces, are provided on
the operation plate, and concave portions or convex por-
tions are provided so as to discriminate the plurality of
operation surfaces among the grooves or the protrusions.
[0009] According to this structure, it is possible to dis-
criminate an operation surface of the plurality of operation
surfaces which the finger of the operator comes in contact
with. Therefore, it is possible to perform a blind touch
operation.

[0010] Preferably, an external force applying unit that
applies an external force to the plurality of operation sur-
faces is provided in the operation plate or the holder.
[0011] According to this structure, since it is possible
to stimulate a tactile sensation of the finger that comes
into contact with the operation surface, the operator can
know an operation surface on which the touch switch is
turned on, and can surely perform a blind touch operation.
[0012] Preferably, the operation plate and the wiring
body are made of a light transmitting material, the holder
has a plurality of tubular cavity portions that are made of
a light shielding material and face the plurality of opera-
tion surfaces, and light emitting elements are provided
to face the plurality of tubular cavity portions.

[0013] According to this case, since the operation sur-
face that comes into contact with the finger is only illumi-
nated, even when the operator does not experience a
blind touch operation or performs an operation in a dark
state, the operator can visually recognize an operation
surface on which the touch switch is turned on.

[0014] Preferably, the switch device according to the
aspect of the invention further includes a control unit that
receives the contact signals and/or the pressing signals
and outputs control signals or instruction signals. When
the control unit receives the contact signals, the control
unit outputs control signals to operate the external force
applying unit, and when the control unit receives the
pressing signals, the control unit outputs instruction sig-
nals to fix input of the touch switches corresponding to
the operation surfaces coming into contact with the fin-
gers of the operator.

[0015] According to this case, it is possible to achieve
a switch device that has a simplified structure and ena-
bles an operation to be surely performed.

[0016] Preferably, the switch device according to the
aspect of the invention further includes further includes
a control unit that receives the contact signals and/or the
pressing signals and outputs control signals or instruction
signals. When the control unit receives the contact sig-
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nals, the control unit outputs to the light emitting ele-
ments, control signals making the light emitting elements
emitlight, and when the control unit receives the pressing
signals, the control unit outputs instruction signals to fix
input of the touch switches corresponding to the opera-
tion surfaces coming into contact with the fingers of the
operator.

[0017] According to this case, it is possible to achieve
a switch device that has a simplified structure and ena-
bles an operation to be surely performed.

[0018] According to another aspect of the invention,
there is provided a steering switch device. The switch
device according to the aspect of the invention is used
as the steering switch device and is provided in a steering
wheel. The steering wheel includes a pad portion and
grasping portions that extend from the pad portion and
have openings formed between the pad portion and the
grasping portions. The rocking supporting mechanism is
provided at the pad portion side such that the operation
plate at the grasping portion side rocks on the basis of
the pad portion side.

[0019] According to this structure, since one wiring
body and one pressing switch can constitute a switch
device, it is possible to achieve a steering switch device
having a small size and low cost, even when the number
of switches is increased. Further, since the operation
plate including the plurality of capacitive touch switches
is used, it is possible to achieve a steering switch device
that is suitable for various designs of a steering wheel
having a three-dimensional curved surface. Further,
since the operator presses the portion close to the open-
ing on each operation surface with the finger, a blind
touch operation, a slide operation over a plurality of op-
eration surfaces, and an operation plate pressing oper-
ation can be easily performed by the fingers of a hand
grasping the grasping portions. Therefore, it is possible
to improve operability.

[0020] Preferably, the rocking supporting mechanism
includes a pair of flexible holding portions that are pro-
vided in the pad portion and a pair of supporting portions
that are provided in the holder. Preferably, shafts or holes
provided in the holding portions engage with holes or
shafts provided in the supporting portions to freely rotate.
[0021] According to this structure, it is possible to
achieve a steering switch device that can be easily as-
sembled.

[0022] As described above, according to the aspects
of the invention, it is possible to achieve a switch device
and a steering switch device that are capable of reducing
the size and cost even when the number of switches is
increased. Further, since a switch structure is simple,
arrangement spaces of the switch device and the steer-
ing switch device can be easily ensured, and a degree
of freedom in design can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023]
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Fig. 1is aplan viewillustrating a state where a switch
device according to an embodiment of the invention
is attached to a steering wheel as a steering switch
device;

Fig. 2 is an exploded perspective view of a right
switch device shown in Fig. 1;

Fig. 3 is a perspective view illustrating a right side of
the right switch device shown in Fig. 1;

Fig. 4 is a perspective view illustrating a left side of
the right switch device shown in Fig. 1;

Fig.5is an enlarged plan view of a wiring body shown
in Fig. 2;

Fig. 6 is a cross-sectional view taken along the line
VI-VI of Fig. 1;

Fig. 7 is a cross-sectional view taken along the line
VII-VII of Fig. 1;

Fig. 8 is a cross-sectional view illustrating a state
where an operation plate is pressed, which corre-
sponds to Fig. 7;

Fig. 9 is a diagram illustrating a system structure of
the switch device shown in Fig. 1;

Fig. 10 is a diagram illustrating an example of oper-
ation items of an air conditioner that are assigned to
each touch input operation unit of a left switch device
shown in Fig. 1; and

Fig. 11 is a diagram illustrating an example of oper-
ation items of audio equipment that are assigned to
each touch input operation unit of the right switch
device shown in Fig. 1.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0024] An on-vehicle input device according to an em-
bodiment of the invention will be described with reference
to the accompanying drawings.

[0025] Fig. 1is a plan view illustrating a state where a
switch device according to an embodiment of the inven-
tion is attached to a steering wheel as a steering switch
device. Fig. 2 is an exploded perspective view of a right
switch device shown in Fig. 1. Fig. 3 is a perspective view
illustrating a right side of the right switch device shown
in Fig. 1. Fig. 4 is a perspective view illustrating a left side
of the right switch device shown in Fig. 1. Fig. 5 is an
enlarged plan view of a wiring body shown in Fig. 2. Fig.
6 is a cross-sectional view taken along the line VI-VI of
Fig. 1. Fig. 7 is a cross-sectional view taken along the
line VII-VII of Fig. 1. Fig. 8 is a cross-sectional view illus-
trating a state where an operation plate is pressed, which
corresponds to Fig. 7. Fig. 9 is a diagram illustrating a
system structure of the switch device shown in Fig. 1.
Fig. 10 is a diagram illustrating an example of operation
items of an air conditioner that are assigned to each touch
input operation unit of a left switch device shown in Fig.
1.Fig. 11 is adiagramillustrating an example of operation
items of audio equipment that are assigned to each touch
input operation unit of the right switch device shown in
Fig. 1.

[0026] Inthis embodiment, as shown in Fig. 1, a steer-
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ing wheel 1 includes operation devices 10L and 10R that
are respectively attached to left and right sides of a pad
portion 2 formed at the center of the steering wheel 1. At
a left side of the left operation device 10L and a right side
of the right operation device 10R, grasping portions 3L
and 3R extend from the pad portion 2, respectively.
Openings 4L and 4R are provided between the pad por-
tion 2 and the grasping portions 3L and 3R such that
fingers of a driver grasping the grasping portions 3L and
3R are inserted therein.

[0027] The operation devices 10L and 10R have the
same structure and are bilaterally symmetric with the pad
portion 2 interposed therebetween. Next, the structures
of the operation devices 10L and 10R will be described
by exemplifying the right operation device 10R.

[0028] As shown in Fig. 2, the operation device 10R
includes an operation plate 12 that is made of a resin
molded plate having a light transmitting property, a
frame-shaped bezel 11 that is attached to the steering
wheel 1in a state where the frame-shaped bezel 11 over-
laps a peripheral portion of the operation plate 12, first
to fourth touch switches 24a to 27a that function as a
plurality of touch switches, and a wiring film 13 that func-
tions as a wiring body where the touch switches are pro-
vided. Each of the first to fourth touch switches 24a to
27ais composed of a touch switch that can sense a state
where a skin of the human body is in proximity to the
switch, for example, a capacitive touch switch. The wiring
film 13 is made of a light transmitting material. As shown
in Fig. 5, patterns of electrodes 15 to 22 that form the
first to fourth touch switches 24a to 27a are printed on a
PET-made film 14. As shown in Fig. 2, the wiring film 13
overlaps a back surface of the operation plate 12.
[0029] Asshownin Figs. 2 to 4, a plurality of elongated
protrusions as protrusions, that is, first to fifth elongated
protrusions 12a to 12e are formed on a top surface of
the operation plate 12. A first region 24b that functions
as an operation surface on the operation plate 12 is
formed between the first elongated protrusion 12a and
the second elongated protrusion 12b, and is disposed on
the first touch switch 24a. In the same manner, a second
region 25b is formed between the second elongated pro-
trusion 12b and the third elongated protrusion 12c and
is disposed on the second touch switch 25a. A third region
26b is formed between the third elongated protrusion 12c
and the fourth elongated protrusion 12d and is disposed
on the third touch switch 26a. A fourth region 27b is
formed between the fourth elongated protrusion 12d and
the fifth elongated protrusion 12e and is disposed on the
fourth touch switch 27a. Further, since the first to fifth
elongated protrusions 12ato 12e are provided to partition
the first to fourth regions 24b to 27b, the first to fifth elon-
gated protrusions 12a to 12e may be changed to elon-
gated grooves as grooves.

[0030] Thatis, in the operation device 10R, the first to
fourth regions 24b to 27b that come into contact with the
fingers of the operator are provided on the operation plate
12. On the back surface of the operation plate 12, the
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first to fourth touch switches 24a to 27a are provided on
the wiring film 13 so as to correspond to the first to fourth
regions 24b to 27b. Therefore, if the operator contacts
his finger with an operation surface, one of the first to
fourth touch switches 24a to 27a that corresponds to the
operation surface senses that the operator contacts the
finger with the operation surface, and outputs a contact
signal.

[0031] As shown in Figs. 3 and 4, three protrusions
12f, 12g, and 12h, which are coupled to one another like
convexes of a regular triangle and have the same size,
are formed on the top surface of the operation plate 12
in the first region 24b. One protrusion 12i, which has the
same size as the protrusion 12f or the like, is formed on
the top surface of the operation plate 12 in the second
region 25b. A large protrusion 12j, which is lager than
the protrusion 12f, is formed on a top surface of the op-
eration plate 12 in the third region 26b. On a top surface
of the operation plate 12 in the fourth region 27b, two
elongated protrusions 12k and 121, which are shorter
than the first to fifth elongated protrusions 12a to 12e,
are formed in parallel to each other. The protrusions 12f
to 121 are formed to discriminate the operation surfaces
that are partitioned by the first to fifth elongated protru-
sions 12ato 12e, that is, the first to fourth regions 24b to
27b. Therefore, instead of the protrusions 12f to 121, it
is possible to use portions that are formed by appropri-
ately combining concave portions or convex portions.
[0032] As shown in Fig. 2, the operation device 10R
includes a wiring board 23. On the wiring board 23, a
pushbutton switch 30 is provided. A holder 29 that holds
the operation plate 12 is disposed on the wiring board 23.
[0033] The holder 29 is made of a light shielding ma-
terial. The holder 29 is provided integrally with the oper-
ation plate 12 to be fixed in a state where the wiring film
13 isinterposed between the holder 29 and the operation
plate 12. For example, the operation plate 12 and the
wiring film 13 are bonded to each other, and the wiring
film 13 and the holder 29 are bonded to each other. Fur-
ther, holes 29e and 29f are formed in a pair of supporting
portions 29a and 29b of the holder 29. Shafts 2a and 2b
are formed in a pair of holding portions 2c and 2d that
are provided in the pad portion 2 and are flexible. The
holes 29e and 29f engage with the shafts 2a and 2b such
that the shafts freely rotate. As such, the holder 29 is
supported such that the holding portion 10R can rock on
the basis of the central side of the steering wheel 1, that
is, the side of the pad portion 2 (see Figs. 6 and 7). The
supporting portions 29a and 29b and the holding portions
2cand 2d form a rocking supporting mechanism that sup-
ports the holder 29 to freely rotate. Further, in a structure
that supports the holder 29 to the pad portion 2 to freely
rock, a rocking shaft may be provided in the holder 29,
and a bearing may be provided in the pad portion 2.
[0034] As shown in Fig. 3, a cut-out portion 29c is
formed at the left side of the holder 29, and a protrusion
29d is formed at the center of a bottom side of the cut-
out portion 29c. A rocking trace of the protrusion 29d of
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when the holder 29 rocks in a direction of the wiring board
23 (downward) is set to include a pressing operation por-
tion 30a of the pushbutton switch 30 that functions as a
pressing switch provided on the wiring board 23. That is,
when the holder 29 rocks in a direction of the wiring board
23, the pushbutton switch 30 is pressed by the protrusion
29d of the holder 29 (see Fig. 8). In this case, a duct
switch that activates a clicking sensation or a rubber
switch having a rubber contact may be suitable for the
pushbutton switch 30.

[0035] That is, the operation device 10R is provided
with the first to fourth touch input operation units 24 to
27 and includes a pressing input operation unit 28 that
includes the holder 29 that functions as the operation
plate 12, that is, an operation member supported such
that displacement is possible in a direction crossing a
direction in which operation surfaces of the first to fourth
touch input operation units 24 to 27 are arranged, and
the pushbutton switch 30 functioning as a pressing switch
that is pressed by the operation member displaced by
pressing the operation surfaces of the first to fourth touch
input operation units 24 to 27 and outputs a pressing
signal. In this case, the first to fourth touch input operation
units 24 to 27 indicate the first to fourth regions 24b to
27b functioning as the operation surfaces, and the first
to fourth touch switches 24a to 27a. Further, the pressing
input operation unit 28 indicates the holder 29 and the
pushbutton switch 30.

[0036] As shown in Fig. 2, the wiring board 23 is pro-
vided with four light emitting elements functioning as light
sources for illumination in the operation device 10R, that
is, first to fourth LEDs 31a to 34a. The holder 29 is pro-
vided with first to fourth tubular cavity portions 31b to 34b
that guide light emitted from the first to fourth LEDs 31a
to 34a to the operation plate 12 in directions of the first
to fourth touch input operation units 24 to 27. Each of the
first to fourth LEDs 31a to 34a illuminate only a region
(operation surface) that comes into contact with the finger
of the operator. In openings of the first to fourth tubular
cavity portions 31b to 34b at the wiring film 13 side, first
to fourth light diffusing members 31c to 34c¢ are fitted so
as to uniformly illuminate the regions with the light emitted
from the first to fourth LEDs 31a to 34a (see Fig. 7).
[0037] That is, the operation device 10R includes a
first illuminating unit 31 that is composed of the first LED
31a, the first tubular cavity portion 31b, and the first light
diffusing member 31c¢, a second illuminating unit 32 that
is composed of the second LED 32a, the second tubular
cavity portion 32b, and the second light diffusing member
32c, a third illuminating unit 33 that is composed of the
third LED 33a, the third tubular cavity portion 33b, and
the third light diffusing member 33c, and a fourth illumi-
nating unit 34 that is composed of the fourth LED 34a,
the fourth tubular cavity portion 34b, and the fourth light
diffusing member 34c.

[0038] AsshowninFigs.2and 4, anactuator 35, which
functions as an external force applying unit thatis capable
of applying an external force, such as vibration, to the
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operation plate 12, is disposed on the surface of the hold-
er 29 at the rotational center of the steering wheel, and
is fixedly attached to the holder 29 by means of a two-
sided tape. The actuator 35 has a solenoid incorporated
therein, and can be electrically controlled. The force that
is generated by the actuator 35 is transmitted to the op-
eration plate 12 through the holder 29, and stimulates a
tactile sensation of the fingers of the operator that come
into contact with the first to fourth regions 24b to 27b
(operation surfaces). According to this structure, since it
is possible to stimulate the tactile sensation of the fingers
of the operator that come into contact with the first to
fourth regions 24b to 27b, the operator can surely perform
a blind touch operation through which the operator can
recognize a region of the first to fourth regions 24b to 27b
on which a touch switch is turned on.

[0039] AsshowninFig. 9, the switch device according
to this embodiment includes a controller 36 functioning
as a control unit that outputs an instruction signal to the
on-vehicle equipment 40 in accordance with a contact
signal or a pressing signal from the operation devices
10L and 10R. The controller 36 is provided in an install-
ment panel (not shown). Since the relationship between
the operation device 10R and the controller 36 is the
same as the relationship between the operation device
10L and the controller 36, the relationship between-the
operation device 10R and the controller 36 will be only
exemplified.

[0040] The controller 36 is previously set to function
as follows. If the finger of the operator comes into contact
with any one of the first to fourth regions 24b to 27b (op-
eration surfaces) on the operation plate 12, the contact
is sensed by a touch switch that corresponds to the region
coming into contact with the finger. In this case, the con-
troller 36 functions as an external force control unit that
controls the actuator 35 such that an external force is
applied to the operation plate 12 (operation surface).
Specifically, the controller 36 is programmed such that
the controller 36 outputs a control signal to operate the
actuator 35, when the controller 36 receives the contact
signals from the first to fourth touch switches 24a to 27a.
[0041] Further, the controller 36 is previously set to
function as an illumination control unit to control the first
to fourth LEDs 31a to 34a, such that illumination is only
made on a region (operation surface) corresponding to
a touch switch having sensed the contact of the finger
among the first to fourth touch input operation units 24
to 27. Specifically, the controller 36 is programmed such
that the controller 36 outputs a control signal to turn on
the first LED 31a when the controller 36 receives the
contact signal from the first touch switch 24a. In the same
manner, the controller 36 is programmed such that the
controller 36 outputs a control signal to turn onthe second
LED 32a when the controller 36 receives the contact sig-
nal from the second touch switch 25a, outputs a control
signal to turn on the third LED 33a when the controller
36 receives the contact signal from the third touch switch
26a, and outputs a control signal to turn on the fourth
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LED 34a when the controller 36 receives the contact sig-
nal from the fourth touch switch 27a.

[0042] Thatis, the operation of the controller 36 is pre-
viously set such that the actuator 35 and the first to fourth
illuminating units 31 to 34 function as contact informing
units that inform the contact of the fingers to the first to
fourth regions 24b to 27b (operation surfaces) on the
operation plate 12.

[0043] Further, the controller 36 is programmed such
that the controller 36 uses a contact signal of two or more
contact signals, which indicates a largest contact area,
as an effective signal when the controller 36 simultane-
ously receives the contact signals from two or more touch
switches among the first to fourth touch switches 24a to
27a.

[0044] Meanwhile, when the left operation device 10L
is used as an operation device that operates, forexample,
an air conditioner, as in the first to fourth regions 24b to
27b shown in Fig. 10, an increase in temperature set
value 'TEMPA’, a decrease in temperature set value
"'TEMPV’, an operation of an inner air circulating function
’'Rec’, and an operation of an outer air introducing function
'Fresh’ as operation items of the air conditioner are as-
signed to the first to fourth touch input operation units 24
to 27, respectively.

[0045] As such, the controller 36 is previously set to
perform the following processes (1) to (5) by using the
first to fourth touch input operation units 24 to 27 and the
pressing input operation unit 28, when the operation
items of the air conditioner are assigned to the first to
fourth touch input operation units 24 to 27. The processes
that are performed by the controller 36 will be described
without describing contents associated with the control
of the first to fourth LEDs 31a to 34a.

(1) When the operator contacts the finger with the
first region 24b that becomes an operation surface
correspondingto ' TEMPA’, the controller 36 in a wait-
ing state receives a contact signal from the first touch
switch 24a and outputs a control signal to operate
the actuator 35. The controller 36 operates the ac-
tuator 35 so as to stimulate a tactile sensation of the
finger through the operation plate 12, which informs
the operator that the first touch switch 24a s selected
as an operation target. Then, if the first region 24b
is further pressed by the finger of the operator, the
holder 9 rocks, and the pushbutton switch 30 is
pressed. The controller 36 receives a pressing signal
for fixing the input of the first touch switch 24a cor-
responding to the first region 24b from the pushbut-
ton switch 30, and enters a temperature increase
setting mode in which a temperature set value is in-
creased. As the finger of the operator slides while
coming into contact with the operation plate 12 so
as to cover operation surfaces of the first and second
touch input operation units 24 and 25 adjacent to
each other, that is, the first and second regions 24b
and 25b, when the controller 36 that has entered the
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temperature increase setting mode continuously re-
ceives the contact signals from the first and second
touch switches 24a and 25a in the order of the sec-
ond touch switch 25a and the first touch switch 24a,
the controller 36 performs a process for increasing
the temperature set value by a predetermined value,
for example, by 1°C. Further, even when the control-
ler 36 continuously receives the contact signals from
other two touch switches adjacent to each other, the
controller 36 performs a process for increasing the
temperature set value by 1°C. In the same manner,
when the finger of the operator slides while coming
into contact with the operation plate 12 so as to cover
three or more touch operation input units, the con-
troller 36 performs a process for increasing the tem-
perature set value by an amount corresponding to
the number of touch switches according to the slide
range.

(2) When the operator contacts the finger with the
second region 25b corresponding to 'TEMPV’, the
controller 36 in the waiting state receives a contact
signal from the second touch switch 25a and outputs
a control signal to operate the actuator 35. The con-
troller 36 operates the actuator 35 so as to stimulate
a tactile sensation of the finger through the operation
plate 12, which informs the operator that the second
touch switch 25a is selected as an operation target.
Then, if the second region 25b is further pressed by
the finger of the operator, the holder 9 rocks, and the
pushbutton switch 30 is pressed. The controller 36
receives a pressing signal for fixing the input of the
second touch switch 25a corresponding to the sec-
ond region 25b from the pushbutton switch 30, and
enters a temperature decrease setting mode in
which a temperature set value is decreased. As the
finger of the operator slides while coming into contact
with the operation plate 12 so as to cover operation
surfaces ofthe firstand second touch input operation
units 24 and 25 adjacent to each other, that is, the
first and second regions 24b and 25b, when the con-
troller 36 that has entered the temperature decrease
setting mode continuously receives the contact sig-
nals from the first and second touch switches 24a
and 25a in the order of the first touch switch 24a and
the second touch switch 25a, the controller 36 per-
forms a process for decreasing the temperature set
value by a predetermined value, for example, 1°C.
Further, even when the controller 36 continuously
receives contact signals from other two touch switch-
es adjacent to each other, the controller 36 performs
a process for decreasing the temperature set value
by 1°C. In the same manner, when the finger of the
operator slides while coming into-contact with the
operation plate 12 so as to cover three or more touch
input operation units, the controller 36 performs a
process for decreasing the temperature set value by
an amount corresponding to the number of touch
switches according to the slide range.
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(3) When the controller 36 receives the pressing sig-
nal from the pushbutton switch 30 within a predeter-
mined time after completing the process in the tem-
perature increase setting mode described in the
process (1) and within a predetermined time after
completing the process in the temperature decrease
setting mode described in the process (2), the con-
troller 36 fixes the temperature set value changed in
the temperature increase setting mode and the tem-
perature decrease setting mode as an instruction
value applied to the air conditioner, outputs an in-
struction signal corresponding to the instruction val-
ue to the air conditioner, and returns to the waiting
state.

(4) When the operator contacts the finger with the
third region 26b corresponding to 'Rec’, the controller
36 in a waiting state receives a contact signal from
the third touch switch 26a and outputs a control sig-
nal to operate an actuator 35. The controller 36 op-
erates the actuator 35 so as to stimulate a tactile
sensation of the finger through the operation plate
12, which informs the operator that the third touch
switch 26a is selected as an operation target. Then,
if the third region 26b is further pressed by the finger
of the operator, the holder 9 rocks, and the pushbut-
ton switch 30 is pressed. The controller 36 receives
a pressing signal for fixing the input of the third touch
switch 26a corresponding to the third region 26b from
the pushbutton switch 30, outputs an instruction sig-
nal instructing an operation of an inner air circulating
function to the air conditioner, and returns to the wait-
ing state.

(5) When the operator contacts the finger with the
fourth region 27b corresponding to 'Fresh’, the con-
troller 36 in a waiting state receives a contact signal
from the fourth touch switch 27a and outputs a con-
trol signal to operate the actuator 35. The controller
36 operates the actuator 35 so as to stimulate a tac-
tile sensation of the finger through the operation plate
12, which informs the operator that the third touch
switch 26a is selected as an operation target. Then,
if the third region 26b is further pressed by the finger
of the operator, the holder 9 rocks, and the pushbut-
ton switch 30 is pressed. The controller 36 receives
a pressing signal for fixing the input of the third touch
switch 26a corresponding to the third region 26b from
the pushbutton switch 30, outputs an instruction sig-
nal instructing an operation of an outer air introducing
function to the air conditioner, and returns to the wait-
ing state.

In the processes (1) and (2), the case has been ex-
emplified in which the controller 36 is previously set
such that the finger of the operator slides on the op-
eration plate 12 so as to cover the plurality of touch
input operation units of the first to fourth touch input
operation units 24 to 27, thereby increasing or de-
creasing the temperature set value. However, as an-
other example, the controller 36 may be previously
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set such that the operator continuously contacts the
finger with the region on the operation plate corre-
sponding to one touch switch many times, thereby
increasing or decreasing the temperature set value.
Specifically, the controller 36 is previously set such
that when the finger of the operator comes into con-
tact with the first region 24b many times to operate
the operationitem TEMPLA’, on the basis of the tem-
perature set value at the time of the finger coming
into contact with the first region 24b, the temperature
set value is increased by a value that is obtained by
multiplying the predetermined value by the number
of times the finger continuously comes into contact
with the first region 24b. For example, when the pre-
determined value is set to 1°C and the finger contin-
uously comes into contact with the first region 24b
three times, on the basis of the temperature set value
at this time, the temperature set value is increased
by 3°C.

Further, the controller 36 may be previously set to
change the temperature set value when the finger
slides on the operation plate 12 so as to cover the
plurality of touch switches, and change the temper-
ature set value according to the number of times the
finger comes into contact with the region on the op-
eration plate 12 corresponding to one touch switch.
Furthermore, when the left operation device 10L is
selected as the operation device for operating the
air conditioner, the right operation device 10R is se-
lected as an operation device for operating the audio
equipment. In this case, as in the first to fourth re-
gions 24b to 27b shown in Fig. 11, an increase in
volume set value 'VolA’, a decrease in volume set
value 'VolV’, an selection of an AM radio '’AM’, and
a selection of an FM radio 'FM’ as operation items
of the audio equipment, are assigned to the first to
fourth touch input operation units 24 to 27, respec-
tively.

As such, the controller 36 is previously set to perform
the following processes (6) to (11), when the oper-
ation items of the audio equipment are assigned to
the first to fourth touch input operation units 24 to 27.
(6) When the operator contacts the finger with the
firstregion 24b corresponding to 'VolA’, the controller
36 in a waiting state receives a contact signal from
the first touch switch 24a and outputs a control signal
to operate the actuator 35. The controller 36 oper-
ates the actuator 35 so as to stimulate a tactile sen-
sation of the finger through the operation plate 12,
which informs the operator that the first touch switch
24a is selected as an operation target. Then, if the
first region 24b is further pressed by the finger of the
operator, the holder 9 rocks, and the pushbutton
switch 30 is pressed. The controller 36 receives a
pressing signal for fixing the input of the first touch
switch 24a corresponding to the first region 24b from
the pushbutton switch 30, and enters a volume in-
crease setting mode in which a volume set value is
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increased. As the finger of the operator slides while
coming into contact with the operation plate 12 so
as to cover operation surfaces of the first and second
touch input operation units 24 and 25 adjacent to
each other, that is, the first and second regions 24b
and 25b, when the controller 36 that has entered the
volume increase setting mode continuously receives
the contact signals from the first and second touch
switches 24a and 25a in the order of the second
touch switch 25a and the first touch switch 24a, the
controller 36 performs a process for increasing the
volume set value by a predetermined value. Further,
even when the controller 36 continuously receives
contact signals from other two touch switches adja-
cent to each other, the controller 36 performs a proc-
ess for increasing the volume set value by a prede-
termined value. In the same manner, when the finger
of the operator slides while coming into contact with
the operation plate 12 so as to cover three or more
touch input operation units, the controller 36 per-
forms a process for increasing the volume by an
amount corresponding to the number of touch
switches according to the slide range.

(7) When the operator contacts the finger with the
second region 25b corresponding to 'VolV’, the con-
troller 36 in a waiting state receives a contact signal
from the second touch switch 25a and outputs a con-
trol signal to operate the actuator 35. The controller
36 operates the actuator 35 so as to stimulate a tac-
tile sensation of the finger through the operation plate
12, which informs the operator that the second touch
switch 25a is selected as an operation target. Then,
if the second region 25b is further pressed by the
finger of the operator, the holder 9 rocks, and the
pushbutton switch 30 is pressed. The controller 36
receives a pressing signal for fixing the input of the
second touch switch 25a corresponding to the sec-
ond region 25b from the pushbutton switch 30, and
enters a volume decrease setting mode in which a
volume set value is decreased. As the finger of the
operator slides while coming into contact with the
operation plate 12 so as to cover operation surfaces
of the first and second touch input operation units 24
and 25 adjacent to each other, that is, the first and
second regions 24b and 25b, when the controller 36
that has entered the volume decrease setting mode
continuously receives the contact signals from the
first and second touch switches 24a and 25a in the
order of the first touch switch 24a and the second
touch switch 25a, the controller 36 performs a proc-
ess for decreasing the volume set value by a prede-
termined value. Further, even when the controller 36
continuously receives contact signals from other two
touch switches adjacent to each other, the controller
36 performs a process for decreasing the volume set
value by the predetermined value. In the same man-
ner, when the finger of the operator slides while com-
ing into contact with the operation plate 12 so as to
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cover three or more touch input operation units, the
controller 36 performs a process for decreasing the
volume by an amount corresponding to the number
of touch switches according to the slide range.

(8) When the controller 36 receives the pressing sig-
nal from the pushbutton switch 30 within a predeter-
mined time after completing the process in the vol-
ume increase setting mode described in the process
(6) and within a predetermined time after completing
the process in the volume decrease setting mode
described in the process (7), the controller 36 fixes
the volume setvalue changedin the volume increase
setting mode and the volume decrease setting mode
as an instruction value applied to the audio equip-
ment, outputs an instruction signal corresponding to
the instruction value to the audio equipment, and re-
turns to the waiting state.

(9) When the controller 36 in a waiting state receives
a contact signal from the third touch switch 26a, the
controller 36 outputs an instruction signal instructing
to operate the AM radio to the audio equipment.
(10) When the controller 36 in a waiting state re-
ceives a contact signal from the fourth touch switch
27a, the controller 36 outputs an instruction signal
instructing to operate the FM radio to the audio equip-
ment.

(11) After outputting the instruction signal instructing
to operate any one of the AM radio and the FM radio,
if the controller 36 receives the pressing signal from
the pushbutton switch 30 while the radiois operating,
the controller 36 outputs an instruction signal in-
structing to switch a broadcasting station to the audio
equipment.

[0046] Inthe processes (6) and (7), the case has been
exemplified in which the controller 36 is previously set
such thatthe finger of the operator slides on the operation
plate 12 so as to cover the plurality of touch input oper-
ation units of the first to fourth touch input operation units
24 to 27, thereby increasing or decreasing the volume
set value. However, as another example, the controller
36 may be previously set such that the operator contin-
uously contacts the finger with the region on the operation
plate 12 corresponding to one touch switch many times,
thereby increasing or decreasing the volume set value.
Specifically, when the finger continuously comes into
contact with the first region 24b corresponding to "VolA’
many times, on the basis of the volume set value at the
time of the finger coming into contact with the first region
24b, the volume set value can be increased according
to the number of times the finger comes into contact with
the first region 24b. For example, when the finger of the
operator continuously comes into contact with the first
region 24 three times, on the basis of the volume set
value at this time, the volume set value can be increased
by three times the predetermined value.

[0047] Further, the controller 36 may be previously set
to change the volume set value when the finger slides
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on the operation plate 12 so as to cover the plurality of
touch input operation units of the first to fourth touch input
operation units 24 to 27, and change the volume setvalue
according to the number of times the finger comes into
contact with the region on the operation plate 12 corre-
sponding to one touch switch.

[0048] Further, the controller 36 is not limited to the
above-described control operations but can perform var-
ious control operations according to input operations. For
example, if the controller 36 receives the contact signal
from the first touch switch 24a in the process (1), the
controller 36 immediately enters a temperature increase
setting mode so as to increase the temperature set value,
thereby enabling the set temperature to be increased or
decreased according to the slide operation.

[0049] According to this embodiment, the following ef-
fects can be obtained.

[0050] In this embodiment, the switch device can in-
clude the operation plate 12 having the first to fourth re-
gions 24b to 27b (operation surfaces) which the operator
contacts fingers with so as to perform a switch operation,
the wiring film 13 (wiring body) that are provided with the
first to fourth capacitive touch switches 24ato 27a (touch
switches) so as to correspond to the first to fourth regions
24b to 27b on the back surface of the operation plate 12,
the supporting portions 29a and 29b and the holding por-
tion 2c (rocking supporting mechanism) that rotatably
support the holder 29 holding the operation plate 12 such
that the other end of the operation plate 12 rocks when
the operation surfaces are pressed, and the pushbutton
switch 30 that comes into contact with or operates in re-
sponse to the holder 29 rocking when the operation plate
12is pressed and outputs the pressing signals to fix input
of the touch switches corresponding to the operation sur-
faces that come into contact with the fingers of the oper-
ator. Therefore, one wiring body 13 and one pushbutton
switch 30 can form the switch device. Further, it is pos-
sible to achieve a switch device having the small size
and low cost, even when the number of switches is in-
creased. Furthermore, since the switch structure is sim-
ple, an arrangement space can be easily ensured, and
a degree of freedom in design can be improved.

[0051] In this embodiment, the first to fifth elongated
protrusions 12a to 12e are provided on the operation
plate 12 to partition the first to fourth regions 24b to 27b,
and the protrusions 12f to 121 are provided to discrimi-
nate regions among the first to fifth elongated protrusions
12a to 12e. Therefore, the operation can recognize the
regions among the plurality of regions which the operator
contacts the fingers with, and can perform a blind touch
operation.

[0052] Inthis embodiment, the actuator 35 that applies
an external force to the first to fourth regions 24b to 27b
is provided in the holder 29. Therefore, it is possible to
stimulate a tactile sensation of the finger that comes into
contact with any one of the first to fourth regions 24b to
27b, which can inform the operator of a region among
the first to fourth regions 24b to 27b on which the touch
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switch is turned on. Accordingly, it is possible to surely
perform a blind touch operation.

[0053] Inthis embodiment, each of the operation plate
12 and the wiring film 13 is made of a light transmitting
material, and the holder 29 has first to fourth tubular cavity
portions 31b to 34b that are made of a light shielding
material and correspond to the first to fourth regions 24b
to 27b, and the first to fourth LEDs 31a to 34a (light emit-
ting elements) are provided to correspond to the first to
fourth tubular cavity portions 31b to 34b. Therefore, the
operation surface that comes into contact with the finger
ofthe operator can be only illuminated. In particular, even
when the operator does not experience the blind touch
operation or performs an operation in a dark state, the
operation can visually recognize a region among the first
to fourth regions 24b to 27b on which the touch switch is
turned on.

[0054] In this embodiment, the switch device further
has a controller 36 that receives the contact signals and
the pressing signals or outputs the control signals or the
instruction signals. When the controller 36 receives the
contact signals, the controller 36 operates the actuator
35 and makes the first to fourth LEDs 31a to 34a emit
light. In addition, when the controller 36 receives the
pressing signals, the controller 36 outputs the instruction
signals to fix input of the touch switches corresponding
to the operation surfaces that come into contact with the
fingers of the operator. Therefore, itis possible to achieve
a switch device in which a structure is simple and an
operation can be surely performed.

[0055] Inthis embodiment, the switch device is provid-
ed in a steering wheel 1, the steering wheel 1 includes
the pad portion 2 and the grasping portions 3L and 3R
that extend from the pad portion 2 and has the openings
4L and 4R formed between the pad portion 2 and the
grasping portions 3L and 3R, and the supporting portions
29a and 29b and the holding portion 2c (rocking support-
ing mechanism) that rotatably support the holder 29 are
provided at the side of the pad portion 2 such that one
end of the operation plate 12 is disposed on the sides of
the grasping portions 3L and 3R. Therefore, one wiring
body and one pressing switch can form a switch device.
For example, it is possible to achieve a steering switch
device that has the small size and low cost, even when
the number of switches is increased. Further, since the
steering switch device uses a structure where the wiring
film 13 (wiring body) that are provided with the first to
fourth capacitive touch switches 24a to 27a are included
in the operation plate 12, itis possible to achieve a steer-
ing switch device that is suitable for various designs of
the steering wheel that has a three-dimensional curved
surface. Furthermore, since the portions close to the
openings on the operation surfaces are pressed by the
fingers of the operator, a blind touch operation, a slide
operation over a plurality of operation surfaces, and an
operation plate pressing operation can be easily per-
formed by the fingers of hands of the operator grasping
the grasping portions 3L and 3R, which improves oper-
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ability.

[0056] In this embodiment, the pair of holding portions
2c and 2d are flexible, and the shafts 2a and 2b provided
in the holding portions 2c and 2d engage with the holes
29e and 29f provided in the pair of supporting portions
29a and 29b to freely rotate. Therefore, it is possible to
achieve a steering wheel device that can be easily as-
sembled.

Claims
1. A switch device comprising:

an operation plate (12) that has a plurality of
operation surfaces (24b, 25b, 26b, 27b) which
an operator contacts fingers with so as to per-
form a switching operation;

a wiring body (13) that has a plurality of capac-
itive touch switches (24a, 25a, 26a, 27a), the
plurality of capacitive touch switches provided
to correspond to the plurality of operation sur-
faces (24b, 25b, 26b, 27b) on a back surface of
the operation plate (12), sensing that the oper-
ation surfaces (24b, 25b, 26b, 27b) come into
contact with the fingers of the operator, and out-
putting contact signals;

a rocking supporting mechanism that rotatably
supports the operation plate (12) or a holder (29)
holding the operation plate (12) at one end side
of the operation plate (12), such that the other
end of the operation plate (12) rocks when the
operation surfaces (24b, 25b, 26b, 27b) are
pressed; and

a pushbutton switch (30) that comes into contact
with and operates in response to the operation
plate (12) or the holder (29) rocking when the
operation surfaces (24b, 25b, 26b, 27b) are
pressed, and outputs pressing signals fixing in-
put of the capacitive touch switches (24a, 253,
26a, 27a) corresponding to the operation sur-
faces (24b, 25b, 26b, 27b) that come into contact
with the fingers of the operator.

2. The switch device according to claim 1,
characterized in that grooves or protrusions (12a,
12b, 12¢, 12d, 12e), which partition the plurality of
operation surfaces (24b, 25b, 26b, 27b), are provid-
ed on the operation plate (12), and
concave portions or convex portions (12f, 12g, 12h,
12i, 12j, 12k, 121) are provided so as to discriminate
the plurality of operation surfaces (24b, 25b, 26b,
27b) among the grooves or the protrusions.

3. The switch device according to claim 1 or 2,
characterized in that an external force applying unit
(35) that applies an external force to the plurality of
operation surfaces (24b, 25b, 26b, 27b) is provided
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in the operation plate (12) or the holder (29).

The switch device according to claim 1 or 2, char-
acterized in that the operation plate (12) and the
wiring body (13) are made of a light transmitting ma-
terial,

the holder (29) has a plurality of tubular cavity por-
tions (31b, 32b, 33b, 34b) that are made of a light
shielding material and face the plurality of operation
surfaces (24b, 25b, 26b, 27b), and

light emitting elements (31a, 32a, 33a, 34a) are pro-
vided to face the plurality of tubular cavity portions
(31b, 32b, 33b, 34b).

The switch device according to claim 3,
characterized in that the operation plate (12) and
the wiring body (13) are made of a light transmitting
material,

the holder (29) has a plurality of tubular cavity por-
tions (31b, 32b, 33b, 34b) that are made of a light
shielding material and face the plurality of operation
surfaces (24b, 25b, 26b, 27b), and

light emitting elements (31a, 32a, 33a, 34a) are pro-
vided to face the plurality of tubular cavity portions
(31b, 32b, 33b, 34b).

The switch device according to claim 3, further com-
prising: a control unit (36) that receives the contact
signals and/or the pressing signals and outputs con-
trol signals or instruction signals,

characterized in that when the control unit (36) re-
ceives the contact signals, the control unit outputs
control signals to operate the external force applying
unit (35), and when the control unit (36) receives the
pressing signals, the control unit (36) outputs instruc-
tion signals to fix input of the touch switches (24a,
25a, 26a, 27a) corresponding to the operation sur-
faces (24b, 25, 26b, 27b) coming into contact with
the fingers of the operator.

The switch device according to claim 4, further com-
prising: a control unit (36) that receives the contact
signals and/or the pressing signals and outputs con-
trol signals or instruction signals,

characterized in that when the control unit (36) re-
ceives the contact signals, the control unit (36) out-
puts to the light emitting elements (31a, 32a, 33a,
34a), control signals making the light emitting ele-
ments (31a, 32a, 33a, 34a) emit light, and when the
control unit (36) receives the pressing signals, the
control unit (36) outputs instruction signals to fix input
of the touch switches (24a, 25a, 26a, 27a) corre-
sponding to the operation surfaces (24b, 25b, 26b,
27b) coming into contact with the fingers of the op-
erator.

The switch device according to claim 5, further com-
prising: a control unit (36) that receives the contact
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signals and/or the pressing signals and outputs con-
trol signals or instruction signals,

characterized in that when the control unit (36) re-
ceives the contact signals, the control unit (36) out-
puts control signals to operate the external force ap-
plying unit (35) and/or control signals making the light
emitting elements (31a, 32a, 33a, 34a) emit light to
the external force applying unit (35) and/or the light
emitting elements (31a, 32a, 33a, 34a), and when
the control unit (36) receives the pressing signals,
the control unit (36) outputs instruction signals to fix
input of the touch switches (24a, 25a, 26a, 27a) cor-
responding to the operation surfaces (24b, 25b, 26b,
to 27b) coming into contact with the fingers of the
operator.

A steering switch device,

characterized in that the switch device according
to one of the preceding claims is used as the steering
switch device and is provided in a steering wheel (1),
the steering wheel (1) includes a pad portion (2) and
grasping portions (3L, 3R) that extend from the pad
portion (2) and have openings (4L, 4R) formed be-
tween the pad portion (2) and the grasping portions
(3L, 3R), and

the rocking supporting mechanism is provided at the
pad portion (2) side such that the operation plate (12)
at the grasping portion side rocks on the basis of the
pad portion (2) side.

The steering switch device according to claim 9,
characterized in that the rocking supporting mech-
anism includes a pair of flexible holding portions (2c,
2d) that are provided in the pad portion (2) and a pair
of supporting portions (29a, 29b) that are provided
in the holder (29), and

shafts (2a, 2b) or holes provided in the holding por-
tions (2c, 2d) engage with holes (29¢, 29f) or shafts
providedinthe supporting portions (29a, 29b) to free-
ly rotate.
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